The constraints on anomalous Higgs boson couplings are investigated through the process γγ → 
I. INTRODUCTION
The standard model (SM) of electroweak interactions based on the gauge group SU(2) In the literature there has been a great amount of work on Higgs interactions with gauge bosons. Higgs production modes proceed via its coupling with a pair of gauge bosons at a linear collider and deviations from their SM values are probed via such production processes. Anomalous WWH couplings have been investigated for the process e + e − → ff H [3, 4, 5, 6 ], e + e − → W + W − γ [7] , e − γ → ν e W − H [8] and γγ → W W W W [9] . Anomalous gauge couplings of Higgs bosons have been analyzed at the LHC through the weak boson scattering [10] and vector boson fusion [11] processes.
At an e + e − collision Higgs boson production processes most often include both WWH and ZZH couplings and it is difficult to dissociate WWH from ZZH [3] . In this work we analyzed anomalous WWH vertex via the process γγ → W + W − H. This process isolates the WWH vertex and gives us the opportunity to study the WWH vertex independent of the ZZH. Furthermore, with Higgs and W bosons being visible (in their decay modes), one is offered a large amount of kinematical variables in the construction of suitable observables.
Clearly, e − γ → ν e W − H process also isolates the WWH vertex as discussed in Refs. [8] . It was shown that initial and final state polarizations lead to a significant improvement in the sensitivity limits of the anomalous coupling parameters b W and β W . However, we will show that the γγ → W + W − H process at the γγ mode of a linear collider has a higher potential to probe anomalous WWH couplings than e − γ → ν e W − H. We take into account initial beams and final W boson polarizations to improve the sensitivity limits.
Deviations from SM expectations in the Higgs sector can be parameterized in a model independent way by an effective Lagrangian. We employ the effective lagrangian approach described in Ref. [3, 4, 5, 8] . If we demand Lorentz invariance and gauge invariance, the most general coupling structure (retaining up to dimension six terms in the effective lagrangian)
can be expressed as
where k µ 1 and k µ 2 are the momenta of two W's (or Z's). We consider that all the momenta are outgoing from the vertex. In the context of the SM, at the tree level, couplings are given by a V = 1, b V = 0 and β V = 0. In our calculations we reparametrize the coupling a V as a V = ∆a V + 1, therefore within the SM ∆a V = 0.
II. POLARIZED CROSS SECTIONS
Experiments at future linear e + e − colliders will be able to investigate in detail the interactions of gauge bosons, fermions and scalars. In particular, one of the prime targets is the study of the interactions of the Higgs boson, for which the γγ mode of the collider seems especially suitable [12, 13, 14] .
The process γγ → W + W − H takes part as a subprocess in the e + e − collision. Real gamma beams which enter the subprocess are obtained through Compton backscattering of laser light off an electron and a positron beam, where most of the photons are produced at the high energy region. The luminosities for eγ and γγ collisions turn out to be of the same order as that for e + e − [15] , so the cross sections for photoproduction processes with real photons are considerably larger than the virtual photon case. The spectrum of the backscattered photons is given by [15] f γ/e (y) = 1 g(ζ)
[
where
Here r = y/[ζ(1 − y)] and ζ = 4E e E 0 /M 2 e . E 0 and λ 0 are the energy and the helicity of the initial laser photon and E e and λ e are the energy and the helicity of the initial electron beam before Compton backscattering. y is the fraction which represents the ratio between the scattered photon and initial electron energy for the backscattered photons moving along the initial electron direction. The maximum value of y reaches 0.83 when ζ = 4.8 in which the backscattered photon energy is maximized without spoiling the luminosity. Backscattered photons are not in fixed helicity states and their helicities are given by a distribution:
where E γ is the energy of backscattered photons. The helicity-dependent differential cross section for the subprocess can be written as
Here dσ(λ
γ ; λ W + , λ W − ) is the helicity-dependent differential cross section, λ
Superscripts (1) and (2) represent the incoming gamma beams and ξ 1 (E
0 ) represent the corresponding helicity distributions. The integrated cross section over the backscattered photon spectrums is given through the
where, dσ(γγ → W + W − H) is the cross section of the subprocess and the center of mass energy of the e + e − system, √ s, is related to the center of mass energy of the γγ system,
In our calculations we accept that initial electron beam polarizability is |λ e | = 0. Therefore we will consider the case λ e λ 0 < 0 in the cross section calculations. If we interchange backscattered photon helicities the cross section does not change due to the symmetry. Moreover (λ
0 , λ
e ) = (+1, −0.8, +1, −0.8) and (λ
0 , λ [17] for the process
III. ANGULAR CORRELATIONS FOR FINAL STATE FERMIONS
We consider the differential cross section for the complete process,
with massless fermions f 1 ,f 2 , f 3 ,f 4 . Here λ The full amplitude can be written as follows:
where 
and in the W + rest frame, we choose the antiparticle (f 4 ) angles asθ andφ,
In this convention the angles of the d-type quark are chosen as (θ, φ) in W − decays and (θ,φ) in W + decays. M 2 and M 3 decay amplitudes are given by
Here g
are the standard V-A coupling for quarks (g Polarization summed squared matrix elements are given by
In this equation summation over repeated indices
is the production tensor and D
are the decay tensors for W − and W + boson respectively. They are defined by
The differential cross section can be written in the following form:
Using narrow width approximation it is straightforward to express the differential cross section as
After integration over azimuthal angles φ andφ interference terms will vanish and only the diagonal terms λ W − = λ ′ W − and λ W + = λ ′ W + will survive. The differential cross section can be written as 
The production cross section has nine different polarization configurations and identification of all nine polarized cross sections is difficult because of the necessity of charge (flavor) identification of both the W − and W + decay products. Experimentally, in view of the difficulty of flavor identification there is an ambiguity in reconstruction of the polar angles of decay products. This makes it very difficult to identify polarization states λ W + = +1, −1
and λ W − = +1, −1 separately. On the other hand, cross section for the transverse polarization state which is the sum of σ(λ W = +1) and σ(λ W = −1) can be determined without an ambiguity. This is also true for the longitudinal polarization case. Therefore it is reasonable to claim that longitudinal (LO) and transverse (TR) polarizations can be identified [17] .
Thus we define the following cross sections: 
IV. SENSITIVITY TO ANOMALOUS COUPLINGS
We have obtained 95% C.L. limits on the anomalous coupling parameters ∆a W , b W and β W using a simple χ 2 analysis at √ s = 0.5 and 1 TeV energies and an integrated luminosity L int = 500f b −1 without systematic errors. All our numerical calculations are for a Higgs mass of 120 GeV, hence the dominant decay mode should be H → bb with a branching ratio
In the literature there have been several experimental studies for the measurement of W polarization [18] . Angular distribution of the W boson decay products has a clear correlation with the helicity states of it. Therefore it is reasonable to assume that W boson polarization can be measured. We consider the case in which W momentum is reconstructible. We take into account the W →′ decay channel with a branching ratio B W ≈ 0.68. The expected number of events are given by N = E(B W ) 2 B H L int σ, where E is the b-tagging efficiency and it is taken to be 0.7 as in Refs. [3, 8] .
In Table I -II we show 95% C.L. sensitivity limits on the anomalous coupling parameters ∆a W , b W and β W for √ s = 1 and 0.5 TeV energies. In the tables, LO, TR represent the longitudinal, transverse polarization states and TR+LO describes the unpolarized W + and
e ) = (0, 0, 0, 0) stand for the unpolarized initial beams. We see from Table I that 
